Introduction
Introduction
Heterosexual transmission has been the predominant mode of human immunodeficiency virus (HIV) acquisition in China since 2008 and currently accounts for 46.5% of the estimated total 780,000 people living with HIV and AIDS in China for 2013 [1] . Female sex workers (FSWs) are at highest risk for contracting HIV and facilitating the current heterosexual HIV epidemic and are thought to bridge transmission of HIV and sexually transmitted infections (STI) from high-risk groups to the general population [1] [2] . From the early 20th century, the number of HIV infections has risen among commercial FSWs in China, many of whom are drug users who trade sex for money or drugs.
Guangxi province, with a population of 51 million [3] , is representative for other regions in Asia as has witnessed an evolving HIV epidemic from transmission from needle sharing among intravenous drug users to transmission among immediate sexual contacts now currently among sexual contacts in the general population. Early HIV transmission among drug users in China originally began along heroin trafficking routes from Southeast Asia from Myanmar and Laos through northern Vietnam to China's Guangxi Province [4] [5] [6] [7] [8] [9] [10] [11] . This transmission pathway as well newly recombinant HIV strains demonstrating intermixing between populations using intravenous drugs and engaging in high risk heterosexual sex have since been confirmed using molecular subtyping [11] [12] [13] .
For example, molecular epidemiology subtyping has confirmed the progression of the most predominant HIV-1 circulating recombinant strains among IDU's in the Guangxi city of Beihai in 2008 (BH048/057/066) to also be transmitted to mainly heterosexual populations. This HIV-1 BH048 strain prevalence is consistent with the time point in which reported cases through heterosexual transmission exceeded that of reported cases through intravenous drug use in 2007 [14] [15] [16] [17] [18] .Currently, of the total 36,669 HIV/AIDS cases reported in Guangxi province from 2009-2011, heterosexual transmission accounted for the vast majority of 90% of all cases [19] . The type of sex work venue is known to reflect both risk and prevalence of disease acquisition. A study conducted in Liuzhou indicated that categorization based on sex work venue was more closely related to the risk of STI than the amount of money exchanged [20] . Thus, the Chinese Centers for Disease Control and Prevention's (China CDC) National HIV/ AIDS Sentinel Surveillance Guidelines in China systematically requires that all types of entertainment venues be mapped and classified into high, middle and low tiers based on risk behaviors [21] . Though there is no official criterion for categorizing risk behaviors among FSWs specifically [22] , the national surveillance venue criteria are considered the most objective for surveillance and statistical purposes. This categorizes, FSWs who work in venues that include saunas, karaoke halls (KTV), night clubs, bars, and high-ranking hotels as "high-tier" FSWs [23] [24] . "Medium-tier" FSWs are classified as having work venues in hair salons, foot massage parlors, and mid-ranking hotels. "Low tier" FSWs are classified as those generally operating out of streets with poor conditions, rental houses, small eateries, rural entertainment venues, and small inns.
China's national HIV and syphilis prevalence for FSWs is estimated at 0.04% and 3.17% respectively over 2009-2011[24] ; hepatitis C (HCV) prevalence was estimated at 0.7%-0.9% between 2009 and 2012 [25] . Specifically, HIV prevalence rate among low tier FSWs throughout China has been rising from 1.5% in 2010 to 2.3% in 2012, though with syphilis prevalence rate among this group constant around 7.0% in the same period [26] .
Guangxi province FSWs appear to be at higher risk of HIV infection than FSWs in other Chinese provinces. A cross-sectional study of 6 cities in southern China within Guangxi, Guangdong, and Hainan provinces in 2009 revealed that FSWs from Guangxi had nearly eight times greater odds of being HIV positive as compared to other regions [27] . A previous study indicated that total HIV prevalence for low tier FSWs within Guangxi is estimated at 1.88%, while syphilis and HCV prevalence as estimated at 11.29% and 1.73% in 2011 respectively, which are higher than the national averages [28] .
Despite such high disease prevalence in this risk group, little is known about the impact of recent HIV prevention and harm reduction campaigns, such as condom distribution, among FSWs in Guangxi. It was estimated in 2011 that among low tier FSWs in some places of Guangxi, consistent condom use rate was 47.2% and ever drug use at 2.4%, with 38.5% of FSWs reporting ever injecting drugs [28] . Despite evidence from a community based survey that 59.1% of female IDUs engaged in commercial sexual behavior within the past 6 months, condoms were used consistently by only 9.7% of women with regular sexual partners and 28.6% with intermittent sexual partners in the past one month [29] . As national reports indicated that FSW prevalence of HIV and syphilis declined from 2000 to 2011 throughout China [24] , we sought to analyze sentinel surveillance data collected between 2010 and 2012 specifically in Guangxi to assess whether recent harm reduction interventions (condom promotion, regular HIV screening(every 6 months) and outreach intervention)introduced by the China CDC were correlated with improved HIV and syphilis epidemic trends and reductions in HIV risk behaviors among different categories of FSWs in this province.
Methods
This longitudinal, prospective surveillance study utilizes laboratory screening data and survey results collected from April to July in 2010, 2011, and 2012 and was carried out in all 14 prefectures and 64 city/county regions in Guangxi province, China.
Study population
The study population consisted of FSWs 4 city/county regions in Guangxi province, China, who had either currently or formerly provided commercial vaginal sex services for male clients.
As to be consistent with the National HIV/AIDS Sentinel Surveillance Guidelines in China, sex work venue [30] [31] [32] [33] , not fee charged for per sexual transaction [34] [35] nor HIV prevalence [18] , was used to categorize FSWs into high, middle, and low tiers. Sex work venue is directly observable and more frequently used by researchers in China and elsewhere for categorization for epidemiological purposes [36] [37] .It should be noted that FSW categorization by sex work venue is an epidemiological construct as to help understand differences in sexual risk behaviors and thus differing acquisition and transmission of HIV, HCV, and syphilis across FSWs subgroups in order to develop optimal, tailored, and successful harm reduction strategies.
Questionnaire
The study utilized a standard interviewer administered, face-to-face questionnaire as part of the China CDC National HIV/AIDS Sentinel Surveillance System that included demographics, sexual risk behaviors, overall drug use, intravenous drug use, current and past STI history, and current screening test results for HIV, HCV, and syphilis. Trained study staff administered the questionnaire in either Mandarin or Cantonese, depending on the participant's language preference.
Recruitment
Approximately 4500 different venues were identified for surveillance and sampling sites during each year of the study. Outreach workers identified local venues to conduct patient interviews and testing through convenience sampling. Low tier and middle tier FSW tier categories were recruited with at least 50% representation from each category, and some smaller counties in Guangxi reached nearly 80-90% recruitment.
The sentinel surveillance systems collects deidentified data, no names are collected. Persons in the sentinel surveillance who volunteer for the study are assigned a unique ID code which is then linked to their questionnaire and blood sample. To ensure the anonymity of the study participants we opted for verbal consent rather than written consent. Trained study staff documented the verbal consent on their daily activity log. The choice of verbal consent was approved by the IRB of China CDC.
Verbal Informed consent was obtained for each participant for a structured interview, blood sampling and banking, and confidential HIV, HCV, and STI testing that included syphilis. A linked anonymous serial testing strategy was used for all HIV, HCV, and syphilis testing. The annual sentinel surveillance is anonymous survey that uses a unique identifier to link the questionnaire information and the resulting test results. All biological data were coded with a unique identifier and later linked with behavioral and demographic data obtained in the questionnaire.
This study was approved by the China Centers for Disease Control and Prevention Institutional Review Board.
Laboratory methods
Each consented participant had 3-5 ml venous blood drawn for HIV, HCV, and syphilis testing using an enzyme-linked immune sorbent assay (ELISA) (Beijing Wantai Biological Pharmacy. Ltd and Zhuhai Livzon Diagnostics, Inc., China) Positive syphilis samples were confirmed with rapid plasma reagin (RPR) testing (Shanghai Kelong Bioengineering Ltd by Share Ltd, China]. HIV antibody positive samples underwent confirmatory HIV Western blot testing (Profiblot 48, TECAN company, Austria). Samples with confirmatory positive results were categorized as "surveillance positive" and appropriately included in statistical prevalence analysis. All clients with HIV, HCV and syphilis positive results received counseling and referral to the local China CDC based on city/county level of the client's residence for follow-up testing and treatment. Seronegative clients were also advised to proceed for follow-up testing in the future as clinically indicated.
Kruskal-Wallis test was utilized to determine differences between the three categories of FSWs and differences of the group sampled over the three years; the Mantel-Haenszel test was used to determine trends by year. Stepwise bivariate and multivariate logistic regression analyses were then applied to evaluate risk factor correlations with HIV, HCV, or syphilis infection. Variables with p<0.05 in the bivariate analysis were included in the final multivariate logistic regression analysis with resulting odds ratio (OR), adjusted odds ratio (AOR), and 95% confidence intervals (CIs).
Results

Demographics
A total of 56,293 FSWs in Guangxi were screened and represented nearly the entire estimated FSW population in the region with heaviest recruitment among middle and low tier groups. Of these screened, 51,790 FSWs were consented to participate in the 2010-2012 Guangxi China CDC HIV/AIDS Sentinel Surveillance study, which represented a much larger target population recruited than the traditional 30% of total estimated FSW recruited in Guangxi in previous years. The average age of the FSWs surveyed was 29 years with 76.4% originally from Guangxi province. Ethnic distribution reflected that of the general Guangxi population within this Zhuang Autonomous Region with 56.5% self-identifying as Han majority ethnicity and 32.8% comprised of the Zhuang minority ethnicity.
A majority of FSWs interviewed (55.2%) had completed at least junior high school (9 years of formal education). Interestingly, the majority of all FSWs were married or cohabitating with a partner (56.5%), though 39.7% reported being single or never married. Based on category of sex work venue among FSWs, 10.6% were high tier, 44.7% were middle tier, and 39.3% were low tier, though there was notably more recruitment of low tier FSWs in the subsequent years of the study due to the realization of this group being high risk for disease acquisition and transmission (Table 1 
HIV, HCV, and Syphilis Screening
Low tier FSWs consistently demonstrated the highest prevalence of HIV, HCV, and syphilis for all three years as compared to high tier and middle tier FSWs (p<0.001), with the threeyear average prevalence of HIV, HCV, and syphilis at 1.9%, 1.3%, and 10.5%, respectively ( Table 2 , HIV, hepatitis C, and syphilis testing results for female sex workers (FSWs) from Guangxi Province, China; China National CDC HIV/AIDS Surveillance Data, 2010-2012, N = 51,790). High tier FSWs likewise demonstrated the lowest three-year prevalence of HIV, HCV, and syphilis at 0.5%, 0.6%, and 3.2%, respectively. Overall HIV and HCV prevalence remained constant over the three years within the three FSW categories, although the overall syphilis trend showed a significant increase from 5.7% to as high as 7.3%% among total participants within the three years. For HCV positive FSWs, 15.6% (80/514) self-identified as ever injecting drugs, while for HCV negative, only 0.2% (115/51,171) (p<0.001).
Condom and Drug Use Analysis
Consistent condom use increased significantly among all three FSW categories from 62.6% in 2010 to 76.6% in 2012 (p<0.001), with high tier FSWs demonstrating the highest percentage of condom use in the last month of 2012 at 87.8%. The low tier FSWs had the lowest baseline condom use at 56.3% in 2010, and this increased significantly by 2012 to 69.2%. Overall drug use (combined oral and injection) significantly decreased for all FSW categories over the threeyear period from 3.0% to 1.7% (p<0.001), with the middle tier and low tier categories showing the most significant decrease in overall (ever) drug use from 3.1% to 1.7% and 1.9% to 0.9% respectively (p<0.001). Interestingly, the high-tier FSW category demonstrated the highest baseline prevalence of overall drug use at 6.0% in 2010 with no significant change over the surveillance period (p = 0.374) ( Table 3 , Behaviors of condom use and ever drug use among 3 categories of female sex workers (FSWs), Guangxi province, China; China CDC HIV/AIDS National Surveillance Data, 2010-2012, N = 51,790).
In terms of ever injecting drugs among those who ever used drugs, low tier FSWs demonstrated the highest significant intravenous drug use history (p<0.001) with a three-year prevalence average of 30.3%. High tier FSWs reported the lowest prevalence of injection drug use history (p<0.001) with a three-year average of 1.5%. Middle tier FSW's averaged 15.8% injection drug use prevalence over the three year period. Trends in injection drug use were constant between all three years. 
Discussion
This comprehensive, coordinated behavioral survey and screening campaign of 51,790 FSWs in Guangxi Province under the auspices of the China CDC National HIV/AIDS Sentinel Surveillance project represents one of the largest combined survey and laboratory screening projects for FSWs in southern China.
This study demonstrates the success of the HIV/AIDS harm reduction condom distribution program, outreach interventions, regular HIV screening (every 6 months) supported by multilevel government departments in China and the Global Fund in reducing HIV risk behavior among Chinese FSWs [38] [39] . Condom distribution, outreach intervention and regular HIV screening with evolution to safer sex practices are likely the reasons to explain the nonincreasing prevalence of HIV, HCV, and syphilis in Guangxi for 2010-2012. Even though a different sample of FSW were included each year, making it difficult to link an individual's consistent condom use with testing outcomes, but the results are valid on a population level and demonstrate similar to previous studies that low tier FSW utilized condoms least frequently in comparison to other types of FSWs [20, 28, 40] . Our data also show a very high prevalence of ever injection drug use among low tier FSWs that is not changing over the study period. Ever injection drug use for low tier FSWs in Guangxi was found to be extremely high at 30.3% among those who ever used drugs, which rivals the high prevalence of Yunnan province low tier FSWs [18] , who could be part of the most high risk transmission bridging group. With other factors held constant, women with severe drug dependency are more likely than men to be at increased risk of sexual acquisition of HIV due to greater biological and social vulnerability [41] . Acquiring drugs requires money or access to resources, and most female drug users in China trade sex for money or drugs [42] . Overall, women intravenous drug users are more likely than their male counterparts to engage in high-risk sex with multiple partners for money or drugs, share needles, and have unprotected sex with an IDU partner [43] . HCV infection among people who acquired HIV-1 infection through sexual contacts in 6 provinces in China was 20.1% [44] , the HCV prevalence for general population, such as voluntary blood donors from large cities in China such as Beijing, Chongqing, and Jinan has been reported to be <1% [45] [46] [47] . Among outpatients and inpatients in a Liaoning provincial hospital and people who underwent routing health examination, only 0.55% were found to be HCV positive [45] . In our study, only low tier FSW showed HCV prevalence higher than 1%, other tiers still kept under 1% and stable, which meant Guangxi HCV prevalence through commercial sexual contacts is still low. As HCV positive FSWs were also at higher risk for testing positive for HIV and syphilis, interventions among FSWs to decrease intravenous drug use will likely further decrease HIV acquisition and transmission to the general population.
As the injection drug prevalence in Guangxi among all groups of FSWs remained constant over 2010-2012 and was clearly the highest risk factor for HCV acquisition and highly correlated to HIV transmission, we would suggest to expand current methadone maintenance treatment (MMT) and counseling centers that were started in 2004. Though 71 established MMT clinics in Guangxi cover 63 cities/counties (70% of the province) with active clients, further attention needs to be paid around FSW venues as to stem the tide of ongoing HIV infection that bridges high risk FSWs to the general population.
This study confirms that low tier FSWs are an extremely vulnerable risk group that warrants more prevention and risk reduction strategies. This group tends to have less formal education, less awareness of HIV/AIDS prevention, and be older in age (n age n, less awand thus have limited employment opportunities, receive low pay for other service jobs [28, 48] , and receive lower sex transaction payments (ex CNY / US $8 per transaction). As many support children of their own, this group is often more likely to engage in unprotected commercial sex with clients [49] . Clients of low tier FSW heterosexual clients tend to be men of equally low socioeconomic status who also may be widowed, retired, or married to invalid or frail spouses and thus tend to seek paid sexual experiences outside of marriage [17, 28] In Guangxi, elderly man were more likely than younger men to have commercial sex with low tier FSWs [50] , since older clients often did not want to use condoms due to age related erectile dysfunction [17] .As the HIV prevalence of these older male clients has already approached that of low tier FSWs [49, 51] , China is now witnessing a greater proportion of de novo HIV infections among elderly males [19, 49, 52, 53] . As total HIV prevalence of FSWs in Guangxi province was shown in this surveillance study to be 0.92-1.10%, which is higher than that of other provinces in China except for 10.3% seen in Kaiyuan city of Yunnan Province [54] , more attention should be paid to developing targeted interventions to low tier FSWs and their older male clients. Since only syphilis prevalence increased significantly among low tier FSWs between 2010-2012, it can be explained that, syphilis transmission through unprotected sex is higher than HIV in this mainly heterosexual population. Also, a higher syphilis positive percentage may have been explained by serofast status, in which a person may test positive due to past infection. For example, a German study demonstrated that newly HIV diagnosed patients have syphilis sero-prevalence of 20.3%, but only 6.7% with active syphilis (VDRL1:8) [55] . As HIV transmission has been shown to be more efficient in the presence of active syphilis infection as well as STI acquisition is a marker for high risk unprotected sexual activity, it is very important to create a dialogue to address STI in the efforts to reduce HIV [56] . Anonymous and free screening for HIV and other STD and the inter-disciplinary health education centers are strongly recommended to HIV/AIDS prevention and control strategy [57] . Limitations of this study include the enormous volume of questionnaires administered that may include varying quality and completeness of data due to chaotic environments or clients declining to answer. However, we note that most surveys had adequate completed data for analysis, and we were able to find statistical and clinical significance due to the extremely large sample size. Second, FSWs who screened positive for HIV in the first two years of the study may not have participated in subsequent years of the study that may have resulted in an underestimation of total disease prevalence; thus, correlations between condom use and disease acquisition could only be analyzed on a population level. Third, though low tier FSWs were known to be higher risk for disease acquisition, it was not until 2012 that larger numbers of low tier FSWs were recruited; thus participation rate went from 31.5% in 2010 to 46.8% in 2012, which may have upwardly biased overall prevalence sampling and oversampled those with higher risk behaviors such as injection drug use. However, as the populations most at risk were surveyed, this helps more clearly define the most important drivers of HIV, HCV, and syphilis transmission in Guangxi.
Conclusions
This China CDC National HIV/AIDS Sentinel Surveillance project, one of the largest combined survey and laboratory screening projects for FSWs in southern China, demonstrates the success of condom distribution and regular HIV screening and outreach intervention campaigns to stabilize the transmission of HIV, HCV, and syphilis among high risk FSWs groups. However, more harm reduction and educational interventions are needed among low tier FSWs, FSWs who inject drugs, and older male clients [40, 53, [58] [59] .
